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1. BACKGROUND 

 

The goal of this paper is to present observations of the different approaches taken by multidisciplinary teams in identifying 

and solving a design problem within a class project.   The aim is to identify possible approaches for improving 

multidisciplinary instruction. 

 

Product designers in particular will tend to face multi-functional environments and the challenge to solve complex 

problems with many dimensions.  They are faced with the need to mix engineering approaches to generate technical 

solutions with creative and user focused approaches more commonly associated with industrial design (Grasso and 

Martinelli 2010).  

 

What is the proper mix of multidisciplinary training?  Product Design Engineering (PDE) has been an engineering focused 

response to building designerly thinking into the training of engineers.  PDE integrates teaching of industrial design within 

the framework of accredited engineering courses.  Graduates of these programs seem to be well received by industry and 

depending on the organization, can fill different roles (de Verea, Mellesa et al. 2009).  Industrial design engineering 

programs are a similar approach from an industrial design perspective. 

 

In either case, one of the big challenges is training students not just to be able to solve, but also to be able to identify 

problems and opportunities.  While they share some similarities, the problem identification and problem solving processes 

are distinctly different.  Mintzberg, Raisinghani  and Theoret describe a model of the formulation process for all types of 

problems that is made up of four stages: Gap Identification/ Problem Recognition, Problem Diagnosis/Formulation, 

Alternatives Generation, and Alternatives Selection (Mintzberg, Raisinghani et al. 1976).  Problem Recognition is realizing 

that an issue (opportunity or problem) exists.  In the Problem Diagnosis step, information that is relevant to the recognized 

issue is collected so that it can be more specifically identified.  Alternatives Generation involves using the gathered data to 

come up with possible ways to change the problem from the current state to the desired state.  Alternatives Selection 

involves picking the solution that is the best resolution for the issue based on all of the known information.   

 

The first two steps are closely associated with problem definition and the last two with problem solving.  The steps involved 

with problem solving are quite familiar.  The professional life of many people is spent solving problems of one form or 

another.  In education it is common for students to solve problems in the course of earning a degree.  These classroom 

design or engineering problems however tend to have well defined boundaries with limited variables.  These are useful for 

specific object lessons, but real world problems are seldom so well behaved. 

 

Getting a good initial definition of a problem is of course also important in planning and design since it can have an effect 

on all design activities that follow (Volkema 1983).  Time must be dedicated to understanding the problem and issues to 

ensure that the eventual solution is appropriate and is not addressing the wrong or less important issues.  Gathering all of 

the issues associated with a problem, identifying which are important and understanding the relationships between them 

can itself quickly turn into a very complex task.   
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As the number of variables involved in the problem increase the limitations of human cognition have an increasing effect.  

The number of items that can be considered at any one time is limited by the capacity of short term memory.  In ideal 

circumstances without external stresses, pressures or other factors, short term memory can hold between 5 to 7 items at 

once (Wickens, Lee et al. 2004).  Problems often involve more variables than this which means a person will not be able to 

consider the entirety of a problem all at once.  This can impact the way that a problem is formulated or solved.  For 

example, while searching for information related to a problem during Problem Diagnosis, the  determination of whether a 

new fact being considered is actually relevant to the problem at hand will be largely determined by the particular known 

factors of the problem that it is being compared with.  A new detail that could be important may be discarded simply 

because known issues related to the problem weren’t being considered at the time.   

 

Experience plays an important role in problem definition and problem solving.  The more experienced one is with a 

particular subject or with dealing with certain types of problems, the better one is able to process issues related to a 

particular domain or scenario.  One description of the differences in information processing based on experience is the Skill, 

Rule, Knowledge (SRK) model (Rasmussen 1983).  At the Skill level a person is able to react to the available raw information 

in an automatic manner to situations with which they are highly familiar.  At the Rule level a person may be familiar enough 

with a situation to recognize possible actions and then follow a series of rules or scripts.  The Knowledge level represents 

the least experience.  At this level, a person must analyze all of the incoming raw information before even recognizing that 

there may be an issue to react to.  In this case, an assessment of the desired goal and plan of action must be made before 

action is taken. 

 

At the least experienced level (Knowledge), many more variables must be considered and analyzed simultaneously.  If there 

are more factors to consider than can be reliably held in short term memory, errors are more likely.  With greater 

experience less raw processing is needed to recognize that there is a problem or actions that should be taken.  This can be 

seen in the identification of management problems where managers are more aware of problems or certain types of 

problems through recognizing familiar patterns.  However, the ability to recognize the patterns comes through personal 

experience and because of this and other reasons, is not something that is easily passed on to others (Schwenk and Thomas 

1983). 

 

Students often do well when tackling straightforward or less complex problems.  They are less well equipped for the more 

open ended and complex types of problems that will be faced outside of the classroom.  Solving these requires problem 

identification (an innovative eye to identify opportunities), problem solving (competent application of skill such as 

engineering knowledge), along with a simultaneous awareness of important needs from other disciplines that place 

important requirements on the design (which aren’t obvious if only one aspect is considered).  The goal is to find the right 

balance of interdisciplinary instruction and challenging problems to build the most useful type of experience.  In this way 

graduates will be better prepared for the multidisciplinary design problems increasingly faced by designers. 

 

2. METHOD 

This study was conducted in a second year graduate Industrial Design (ID) studio.  The class was composed of two main 

groups of students.  One group was students who had completed a non-ID undergraduate degree along with a prerequisite 

year of study.  The other group was students who had been given advanced placement due to the nature of their 

undergraduate degree and were beginning their first year of graduate studies. 

 

The class was organized around a series of consecutive design projects conducted over the semester.  Each project was 

setup to focus on one or more topics such as iterative modeling, manufacturing materials and processes or design for 

manufacture (DFM).  The project in this paper was the third and final project of the semester. An aggressive 6-7 week 

schedule was established for the project. The goal of the project was to develop an innovative and cost-effective rail-based 

system that could provide flexible equipment management capabilities for medical applications.   Several systems are 

currently on the market in this category, many of which are based on the “Fairfield” rail profile that has been around long 

enough that its patents have expired.   
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The project was sponsored by Lifespan Healthcare LLC., an industry leader in medical equipment management including 

rail, rail accessories, and headwall products. Lifespan provided a modest budget for students’ out-of-pocket design related 

expenses, provided samples of their rail/adapter products, and provided engineering/market expertise during the project to 

help with design development.  The sponsor hoped that the project might identify specific design opportunities and/or 

solutions that might be implemented in future product offerings. 

 

The students’ goal was to develop a next generation rail-based medical equipment management system.  They were tasked 

to identify shortcomings and potential opportunities for a new system while integrating newer technologies as might be 

feasible to provide a more comprehensive equipment management system.  It was hoped that any resulting solutions 

would be patentable so as to provide proprietary advantage to the sponsoring company.  The design problem, as 

presented, was very open ended with only a few initial requirements:  (1) Lifespan has a large installed base already in the 

field, so it was stipulated that proposed solutions should be compatible with existing legacy equipment.  (2) Operation of 

proposed solutions should be intuitively obvious and not require any special training or tools for use.  (3) Existing 

requirements for infection control and flammability in the hospital environment had to be met by proposed solutions.  All 

other requirements were defined by the students themselves.  Students used a combination of literature research, market 

research, interviews with healthcare workers and field observation in order to identify the problems that they would solve 

through the new rail system design.  Students also specified the design requirements that proposed solutions had to meet 

so as to permit objective testing of their finished designs.  

 

The students were organized into project teams of two members per team. Each team was assigned by the instructors, 

deliberately comprised of students from varying undergraduate disciplines.  There were a total of 9 student teams 

composed as follows: 

 

• Mixed Background Teams: Three teams were composed of members where one student had an ID background and the 

other student had a background in another discipline such as Mechanical Engineering (ME), Electrical Engineering (EE) or 

architecture. 

• Non-ID Background Teams: Three teams were composed of members where both members had backgrounds in 

disciplines other than ID.  Backgrounds for students in these teams included engineering, mathematics, computer 

science and economics. 

• ID Background Teams: Three teams were composed of members who both had backgrounds in ID.  

 

Each team was tasked with performing background research, including benchmarking of competitive products and related 

patents.  Stakeholder interviews were conducted with nurses as well as with subject matter experts, such as engineers and 

salespeople from Lifespan who have been involved in the design, manufacture and sales of the current rail system.  

Required research also included: 

 

• Identification of key problems/design opportunities  

• Review of related agency approval/regulations that might be applicable 

• Analysis of relevant ergonomic concerns 

• Function/task analysis of proposed solutions 

• Examination of available materials and technologies that might be employed or integrated into potential design 

solutions 

 

Each team prepared digital presentations featuring an overview of the research methodologies employed, results of their 

research, details on specific problems they identified along with an explanation of related design opportunities and design 

objectives.  This research presentation took place on-campus using teleconferencing technology so that representatives of 

the sponsoring company could participate.   
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An iterative design process was employed after preliminary background research and problem definition was completed.  

Each team formulated conceptual ideas into five comprehensive design solutions presented in the form of refined sketches 

and accompanying study models.  In an on-campus review, teams presented their five solutions to the class and sponsor 

representatives (in person and via teleconference) for feedback.   

 

At this point, students identified a final design direction and developed a subsequent set of sketches and study models 

representing their final design concept.  Digital models were created using SolidWorks and used to (1) facilitate fabrication 

of semi-functional models using rapid prototyping processes and (2) create final renderings showing appearance detail not 

easily represented in the models. The models were sufficiently detailed to permit simulated operation, evaluation of 

ergonomic issues and evaluation of potential usability but were not testable in terms of structural and mechanical 

performance issues.  

 

These final models were then reviewed and tested by a group of nurses who were familiar with the use of medical 

equipment management products.  Teams were required to document any problems encountered, the methods used to 

solve those problems and the rationale behind design decisions that were made.   

 

3. RESULTS AND DISCUSSION 

Preconceptions about what we might discover were deliberately avoided at the outset of the study but it was presumed, at 

least by this author that the rigorous training and experience in creative problem solving inherent in ID education and other 

“creative or visual” fields (i.e. architecture, interior design etc.) might favor innovation by teams comprised at least partially 

of students with this educational focus.  Similarly the systematic approach used by engineering and scientific disciplines 

would seem to favor incremental and measureable improvement in product performance through attention to materials 

and specific technologies that might be utilized.  

 

An open ended design problem like this where a specific type of solution is not specified can often be addressed by 

attention to issues of appearance/aesthetics, mechanical innovation, manufacturability, ease of use or any combination of 

these considerations.  More successful solutions likely address the problem from multiple standpoints (i.e. appearance, 

ease-of-use, mechanical innovation etc.).   

 

A traditional ID approach would include benchmarking of key competitive products, stakeholder interviews where users 

would be queried to reveal problems with existing products and insights to key opportunities for improvement.  Only after 

this initial problem definition would students actually develop conceptual solutions.  Within this process, students are 

encouraged to address problems on a “higher level” to create a more comprehensive solution to the greater problem 

rather than piecemeal solutions that only address one aspect of the problem.  This being the case, it was hoped that 

students might develop concepts for new systems of rail/adaptors that improve upon the existing design while maintaining 

an ability to interchange components of the new system with the old. 

 

Although the study sample is very small, several interesting patterns emerged.  Since the final project deliverables were 

conceptual in nature, any evaluation is necessarily subjective to the extent that final deliverables were not fully testable 

and only limited usability testing (based on simulated rather than actual use) could be conducted. Therefore it is necessary 

in any discussion of observed patterns to provide some detail on the specifics of what was being evaluated and an 

explanation of how the resulting designs were assessed/compared. 

 

Solutions ranged from those that were very focused and detail specific, addressing only specific issues such as a more 

effective locking mechanism or an easier to use actuator for improved functionality or usability, to more comprehensive 

solutions that addressed the design problem from multiple points-of-view (i.e. providing improved technical performance, 

adaptable aesthetics, enhanced usability and expanded performance capabilities etc.).  Some teams only addressed the 

design of a portion of the equipment management system (i.e. only the adaptor or the rail) as opposed to redesigning the 

overall system (rail and adaptor).  
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The final designs were judged based on how well the design technically addressed the design problem (the system 

approach taken); the level of creativity ranging from predictable, average or innovative; and the aesthetics  ranging from 

unrefined appearance, average or highly refined.  These results are depicted in Table 1 and elaborated upon in the 

following sections. 

 

 

Table 1.  The results of student team designs based on the system approach, level of creativity and refinement of appearance. 

1.1. WERE PROPOSED DESIGNS COMPREHENSIVE OR NARROWLY FOCUSED SOLUTIONS? 
  
Solutions were evaluated and grouped according to the manner in which they addressed the design problem.  The designs 

were classified based on whether the final solution was comprehensive versus narrowly focused on specific issues: 

 

+  Proposed solution addressed the design of both the rail and adaptor components. 

•  Proposed solution addressed the design of more than a single system component but still addressed only a portion of the 

overall product system. 

-   Proposed solution addressed design of only part of the overall system (i.e. only the rail or adaptor). 

  

Only 2 of the 9 total team solutions were judged to address the problem in a comprehensive manner.  It was observed that 

the only “systems approach” solutions, those that actually addressed the design of both the rail and adaptor (+), were 

developed by teams with backgrounds other than ID or mixed backgrounds (ID and another discipline).   

  

These same design solutions were also the only designs that integrated smart technologies into their design. Was this due 

to the comfort level of individuals with more scientific/technical training?  While these solutions approached the problem in 

a broader sense, they were not highly developed, with a number of details not fully resolved.  A possible explanation could 

be that the limited project timeframe may have forced compromises between narrow focus/in-depth development or more 

widely focused (but shallow) exploration.  For example, these teams had to perform more research into relevant agency 

approval guidelines and potentially applicable proprietary technologies than other teams. 
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5 of the 9 total team solutions were judged to be narrowly focused, addressing only the design of the rail or adaptor (-).  3 

of these 5 teams that developed designs for either the rail or adaptor components had at least one member with an ID 

background.  This being said, several of these “partial” solutions were highly refined with the final concept for an adaptor or 

rail developed much further than those of the rest of the class.  In these instances, the teams employed a strategy of 

iterative study models and/or CAD modeling to address manufacturing requirements, mechanical details and operational 

considerations at a greater level. 

 

The remaining 2 teams developed solutions that approached the problem with designs that did not address the design of 

the adaptor or the rail, choosing to solve the problem in another manner altogether.  Both of these teams were made up of 

students with ID backgrounds, the only non-ID student being educated in Architecture.  One of these two solutions was 

received very well by nurses that reviewed it as it addressed problems they had experienced personally.  The other solution 

seemed to be a result of an incomplete understanding of the design problem and subsequently not solve any of the 

outstanding issues. 

 

These two teams approached the assigned problem from an entirely different angle as they did not design a new adaptor or 

rail.  Depending on one’s perspective, these solutions were either off topic or innovative since they did not address the 

problem according to the sponsoring company’s original design goals.  These designs attempted to address a new/related 

problem or to adapt the existing equipment management product to a new application.  To some degree this might not be 

an unexpected result from students with training in creative problem solving.  As the designs didn’t address outstanding 

technical issues, it might also indicate that they may have lacked the academic rigor/discipline to “stick with” a problem as 

assigned compared to teams with more background in scientific or engineering disciplines. 

1.2. WERE PROPOSED DESIGNS “INNOVATIVE AND CREATIVE” OR “PREDICTABLE” SOLUTIONS? 
   
Solutions ranged from “predictable”, making only minimal improvements in usability or performance to those that could be 

considered to be truly “innovative” that included integration of previously unrelated technologies/materials or other 

provisions that provided new capabilities/features to the product.  

 

Innovative/Creative vs. Predictable Solution: 

+  Proposed solution addressed the problem through application of new technology, materials or approach (ergonomics or 

enhanced usability) that results in substantially improved operation or performance. 

•   Proposed solution addressed problem through use of new technology, material or product configuration that only offers 

minimal improvement in product performance/operation.  

-   Proposed solution addresses the problem through material replacement or other incremental change that only offers 

minimal operational or performance improvement. 

 

Only 2 of 9 teams produced solutions that offered substantially enhanced product features (+), including provisions for 

power or communications management.  Only one “creative/innovative” solution came from a team having at least one 

member with a background in ID. Both teams that produced innovative solutions spent more time performing background 

research while developing their solutions.  These teams also devoted more time to physical and/or digital modeling in order 

to develop the more complex solutions. 

  

6 of the remaining 7 teams that produced results judged to be partially “creative/innovative” (•) offering a modular rail 

assembly, the ability to adapt to vertical poles, or the capability to be locked onto vertical rails.  4 of these 6 teams included 

at least one member with an ID background.  Most of these teams performed iterative physical and/or digital modeling in 

order to fine-tune their solutions. 

 

The remaining team, both members having an ID background developed a solution that offered minimal improvement at 

best (-).  As mentioned previously, this concept seemed to result from a misunderstanding of the operational requirements 

of medical equipment management. 



IDSA 2013 EDUCATION SYMPOSIUM 
August 21, 2013 - Chicago 

 

 

1.3. WERE PROPOSED DESIGN SOLUTIONS VISUALLY REFINED? 
  
Solutions ranged from those whose appearance was purposeful and exhibited visual continuity to others that seemed 

eclectic or aesthetically unrefined.  The final designs were grouped according to the general nature of their appearance: 

 

Refined vs. Unrefined Aesthetics: 

+  Proposed solution has a cohesive/consistent appearance. 

•   Proposed solution has some visually attractive elements but lacks a cohesive aesthetic.  

Proposed solution is comprised of elements that are not visually compatible, lacking a discernable aesthetic theme. 

 

3 of 9 team solutions showed evidence of aesthetic refinement.  One of these 3 was developed by a team having at least 

one member with an ID background, another developed by a team that included a student with a background in interior 

design (a discipline that also includes a focus on aesthetics as a part of prerequisite education).  All of these teams 

performed iterative sketching and/or digital modeling in order to fine-tune the aesthetics of their proposed solutions. It was 

noted that teams that included members with an ID background employed a strategy of iterative sketching while the team 

without a member with an ID background utilized parametric modeling in order to permit the digital model to be more 

readily refined. 

 

Solutions developed by 3 of the remaining 6 teams exhibited appealing visual elements but all lacked an overall cohesive 

aesthetic theme (•). 

4. CONCLUSIONS AND SUGGESTIONS FOR IMPROVEMENT  

The sample size of this study was too small to draw firm conclusions.  However the results were still somewhat unexpected 

in that the teams with a background in ID and allied creative disciplines did not produce consistently successful results. 

Teams with an ID background were expected to generate more consistently innovative results due to training in creative 

problem solving. 

 

These differences from expectations may have been influenced by individual design team members.  In a small sample, just 

a few students who may not have been fully engaged, leaving work and decisions largely to the other team member, can 

have a large impact on the results.  There may also be unknown differences in the training/education or by the culture of 

individual students. Nearly all the students having an ID background were international students whose training and 

experience may vary substantially from that expected of students educated in the US.   

  

Although a number of different design solutions were developed and presented by the various student teams, none really 

provided the sponsoring company with solutions that could be directly implemented or easily developed into marketable 

products. 

 

Learning goals established at the outset of this project were only partially satisfied.  (1) Students arguably gained a better 

understanding of some materials and manufacturing processes (aluminum and plastic profile extrusions, injection molded 

plastic and CNC machining in particular), but due to the nature of the product other materials and manufacturing processes 

were not explored.  (2) The project timeframe limited the amount of iterative design development (both 2D and 3D) that 

could take place.  This minimized the refinement of initial concepts in subsequent developmental activities, leaving design 

issues unresolved and problems unaddressed.  This circular process of design, evaluation and refinement is essential to the 

creation of truly successful design solutions.  (3) Testing, evaluation and validation of design concepts, a key element of the 

iterative design process (see #2) and as such is a key learning element, was also limited due to the brief timeframe of the 

project. 

 

Several opportunities for improvement of future projects of this nature can be identified: 

• Students need better and more frequent access to actual users of the product being designed - earlier in the research 

process to get more real-time information on user needs and help ascertain more relevant design goals. 
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• More information is needed regarding pedagogical differences in design education from an international context.  

Specifically it would be helpful to develop an objective measure of comparison in terms of how each address (1) 

research methodology; (2) 2D ideation/sketching; (3) physical modeling; (4) understanding of materials and 

manufacturing processes; and (5) CAD modeling.  This could help establish whether differences noted in this study are 

the result of educational, disciplinary background or cultural differences (or some combination thereof).   

• Additional time in the project schedule is necessary to permit fabrication and testing of testable prototypes and the 

subsequent improvement of initial design concepts from structural and technical performance points-of-view. 

• Similarly, additional time in the project schedule would permit effective usability testing and improvement of design 

concepts from the user’s point-of-view. 

 

In short (1) a better understanding of differences in ID education on an  international basis; (2) an extended project 

timeframe; (3) adequate budget and timeframe for fabrication of more robust testable prototypes; and (4) ready access to 

a pool of healthcare professionals for usability testing are needed to permit a study of this nature to produce more 

meaningful results regarding interdisciplinary team effectiveness and more effective solutions for the sponsoring company. 
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